Introduction
Post harvest deterioration of sugar cane crop, is one of the most vexing problems of sugar industry. Cane is a perishable commodity and must be processed into sugar quickly after it is harvested. In Upper Egypt, sugar cane is the main resource as a raw material for sugar industry, however it suffers heavy losses in recoverable sugar due to post harvest deterioration of stale cane. Cane quality represents the main priorities in post harvest management which is deteriorated in field, harvest to crush delay, during transportation, other factors such as ambient temperature, humidity, varieties, period of storage. Many investigators proved an evidence of the effect of crush delay on sugar cane quality (Rizk & Normand, 1966; Besheit et al., 2003; Uppal, 2003; EL-Maghraby et al., 2009; Priyanka et al., 2010; Verma et al., 2012 and Sagar & Joshi, 2015) .
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Therefore, the present work was carried out to study the effect of delaying cane crushing on quality of three promising varieties compared to commercial variety grown under Aswan conditions.
Materials and Methods
The present study was conducted at Kom Ombo Agricultural Research Station (latitude Egypt. J. Agron. Special Issue (2018) SAKINA R. ABAZIED of 24 o 28′ N and longitude of 32 o 57′ E), Aswan Governorate, in the two seasons of 2015/2016 and 2016/2017 including plant cane and first ratoon crops, respectively. This investigation aimed to study the effect of storage periods before crushing (0, 2, 4 and 6 days) on juice quality characteristics of three promising sugar cane varieties (G.84-47, G.2003-47 and C.57-14) in addition to the commercial variety G.T. 54-9. This study included sixteen treatments which were the combination of four sugar cane varieties and four storage periods. The experimental design was randomised complete block design with three replications.
The meteorological data at Kom Ombo during the study period (11 th -17 th April in 2016 and 2017) were recorded in Table 1 .
At harvest in 11
th April, a sample of 240 millable canes was collected at random for each variety. These millable canes were divided into separate three piles under direct sun light. In the three piles the millable canes were placed as piles in three replications each containing four bundles, with each bundle having 20 millable cane. bundles were weighted and then crushed after storing for 0, 2, 4 and 6 days after harvest time.
The primary juice was extracted by electric pilotmill (Sabri, 1966) screened and mixed thoroughly, weighted and juice extraction percentage was calculated. One liter of juice was taken in glass cylinder to determine the following juice quality characteristics:
1. Juice extraction percentage: Was calculated according to the following formula:
J. E. P = juice weight/cane weight X 100. Richness factor = 100 -(fiber % X 1.3).
Sugar recovery percentage was calculated
according to the following formula described equation as shown by Yadav & Sharma (1980) . Obtained data were statistically analyzed according to the method described by Snedecor & Cochran (1981) . Treatment means were compared using LSD at 5% level of difference as outlined by Steel et al. (1997) .
Results and Discussion

Juice extraction percentage (J. E %)
Results in Table 2 indicated that juice extraction percentage significantly and gradually decreased with the increase in the time elapsed between cutting and processing in the two seasons. The decreases were 1.63, 5.21 and 6.73 at 2, 4 and 6 days after harvesting compared to the control in plant cane crop, while in first ratoon crop the decreases were 1.75, 5.99 and 7.51% at the same post harvested period compared to control. These results may be due to the loss in evaporation or/ and the increase the fiber percentage in millable cane. These results are in agreement with those obtained by Besheit et al. (2003) , Uppal (2003) and EL-Maghraby et al. (2009) who found that extracted juice % was decreased as the period after sugar cane cutting was prolonged.
Results also indicated that the evaluated cane varieties significantly differed in extracted juice % in the plant and first ratoon crops. In general, J. E % of G.T.54-9 was significantly higher than other varieties in both seasons. While the G.84-47 cane variety gave the lowest one in first and second seasons. Varietal differences may be attributed to the genetic constitutes of varieties and its interaction with environmental conditions. Concerning the interaction effect, it could be noted that the effect of the interaction between sugar cane varieties and storage periods after harvest in the two seasons was significant. It means that the examined varieties did not behave the same at the different storage periods after harvest. In plant cane crop, extracted juice percentage of G.T.54-9 varieties was insignificantly decreased by increase in the time elapsed from 0 to 2 days but this was not the case with the other three sugar cane varieties. In general the highest extracted juice percentage was recorded by crushing G.T.54-9 variety at processed immediately (in harvest same time).
Brix percentage
Data recorded in Table 3 showed that the effect of storage period after harvest on total soluble solids percentage (brix%) was significant in the two seasons. In this connection brix percentage increased gradually by increasing storage period up to 6 days to reach its maximum value (23.95 and 24.59%) after six days from cutting day in 1 st and 2 nd seasons, respectively. These results may be due to water evaporation losses as well as changing sucrose to glucose and fructose during storage. These results are in harmony with those obtained by Besheit et al. (2003) , Priyanka et al. (2010) and Sagar & Joshi (2015) who reported that total soluble solids percentage increased during storage periods. Also data revealed that brix percentage was significantly affected by the examined sugar cane varieties in the two seasons. The highest values were obtained from G. 84-47 variety in both seasons which exceeded the other varieties by 3.15%, 1.65%, 1.64 (in the plant cane crop) and 1.96%, 0.97%, 0.09% (in the 1 st ratoon crop) over C.57-14, G.2003-47 and G.T.54-9 sugar cane varieties, respectively. Differences between the tested varieties in brix % may be due to the defferences in the genatic mak up of varieties. The differences among sugar cane varieties in brix percentage were early reported by Shukla & Singh (2011 ), Mequanent (2016 , Ahmed (2017) and Abazied & El-Bakry (2018) . They found that significant differences among evaluated sugar cane varieties in brix %.
Concerning the interaction effect, it noted that interaction between the two factors was significant in the two seasons, but the effect of storage period was not the same. In the 1 st season the increase in brix percentage of G. 84-47 was about double of that obtained with G.T.54-9 variety due to increasing the storage period from 2 to 6 days. Generally, the highest values of brix percentage (26.18 and 25.64 %) were obtained from crushing G. 84-47 variety at 6 days after harvesting in 1 st and 2 nd seasons, respectively.
Sucrose percentage
Results in Table 4 showed that increasing storage period after harvesting date to 2, 4 and 6 days led to a significant decreases in sucrose percentage by 0.54, 1.13, and 1 .69% compared to control in plant cane crop, being 0.41, 0.69 and 1.15 in the 2 nd season. These results may be due to the higher rate of sucrose inversion and due to increasing activity of degrading enzymes and higher rate of respiration with increasing storage period after harvest. Similar results were recorded by Rizk & Normand (1966) , Besheit et al. (2003) and Verma et al. (2012) who found that significant differences in the reduction of sucrose % during storage.
Furthermore, results showed that sucrose % was significantly affected by sugar cane varieties. Generally, the highest mean value of this trait was recorded by the varieties G. 84-47 and G.T.54-9 in the first and second seasons, respectively, while variety of C.57-14 gave the lowest values in the two seasons. The differences among varieties in sucrose percentage depend on the interaction between varieties and environmental factors during growth and maturing stage. This result is in agreement with those obtained by Shukla & Singh (2011) , Mequanent & Ayele (2014) and Mehareb et al. (2018) who found that sugar cane variety G.T.54-9 gave the highest sucrose % value compared to other varieties.
Moreover, data in the same table showed that sucrose percentage was significantly affected by the interaction between the studied factors in both seasons, this means that the cane varieties did not behave the same under the different storage preiods. Generally the highest values of sucrose percentages were obtained from crushing G. 84-47 and G.T.54-9 varieties after harvesting immediately, in 1 st and 2 nd seasons, respectively.
Purity percentage
Results in Table 5 showed that increasing storge period from 0 to 2, 4 and 6 days led to significant and gradually decrease in purity % by about 5.17, 9.33 and 14.27 in the plant cane crop and 4.76, 7.86 and 13.01 in the 1 st ratoon corp. This result may be due to the decrease in sucrose and/or increase in brix % where purity is calculated from both traits. Such effect may be attributed to the higher rate of sucrose inversion caused by degrading enzymes under delay in crushing. These results in the same line with that reported by Besheit et al. (2003) and Priyanka et al. (2010) , they found that purity% rapidly deteriorated after 24h.
Data in the same table showed that purity percentage in juice was significantly affected by the sugar cane varieties. Generally, in first and second seasons, purity percentage of (G.2003-47) was significantly higher than other varieties and the variation between G.2003-47 and G.T.54-9 was insignificant.
The varietal differences may be attributed to the genetic constitutes of varietis. The results of the present investigation are in line with those obtained by Shukla & Singh (2011 ), Mequanent (2016 and Mohamed et al. (2017) who found that studied varieties differed significantly in purity percentage.
The interaction between the studied factors in both seasons had a significant effect on purity%. In general, the maximum values were obtained from crushing immediately in the two seasons, but the effect of storage period after harvest was not the same with the studied varieties. In 1 st season, the decrease in purity percentage of C.57-14 variety was about double of that obtained with G.2003-47 variety due to delaying the crushing from 2 to 4 days.
Richness percentage
Results presented in Table 6 revealed that richness percentage was significantly affected by storage period, after harvest. Data showed that a gradual and significant decreases in richness percentage as cane processing delayed for 2, 4 and 6 days from harvest time. The reduction in Richness percentage amounted 0.68, 1.31 and 1.95 in the 1 st season, and 0.49 ,0.97 and 1.6% in 2 nd season corresponding to the delay in processing for 2, 4 and 6 days as compared to cane processed immediately at harvest time.
Data in the same table showed that richness percentage was significantly affected by the examined sugar cane varieties.
The highest mean values of richness percentage were scored by G.T.54-9 variety in both seasons. The lowest mean values of richness percentage were obtained from C.57-14 variety in the two seasons. The variation in richness % between varieties could be correlated to the variation in their sucrose and fiber contents. The obtained results are in accordance with those of Mehareb & Abazied (2016) and Abazied & El-Bakry (2018) . They reported that richness % was significantly affected by varieties.
Data also revealed that the richness percentage was significantly affected by the interaction between sugar cane varieties and their storage period in the two seasons. This means that the varieties did not behave the same at the different storage period. Richness % of G.2003-47 variety in 1 st ratoon crop, was insignificantly decreased by delaying crushing from 0 to 2 days but this was not the case with the other varieties. Generally, the best richness % were recorded with the variety G.T.54-9, when it was crushing at the harvesting time in both seasons.
Sugar recovery percentage
The obtained results in Table 7 indicated that sugar recovery percentage was significantly and gradually decreased with the increase in the storage period after harvest. The sugar recovery percentage decreased from 13.70 and 13.65% in harvest day to 11.44 and 11.79% after six days. The decrease in sugar recovery is mainly due to the increase in Brix % and decrease in sucrose % (Tables 3 and 4) . These results are in harmony with those reviewed by Besheit et al. (2003) and Verma et al. (2012) . They noted harvest-to-mill delays are responsible for decline in sugar recovery.
Data in the same table showed that sugar recovery percentage was significantly affected by the examined sugar cane varieties. The highest mean values of sugar recovery percentage (13.27% and 13.43%) were scored by G. 84-47 and G.T.54-9 varieties. While, the lowest values were obtained from C.57-14 variety (10.98 and 11.58%) in the plant cane and first ratoon crops, respectively. The variation in sugar recovery % between varieties could be correlated to the variation in their sucrose content (Table 4) . These results are in agreement with those mentioned by Mequanent & Ayele (2014) , Mequanent (2016) and Ahmed (2017) who found that sugar recovery percentage was markedly affected by tested sugar cane varieties. Concerning the interaction effect between the two studied factors was significant in both plant cane and 1 st ratoon crops. The varieties did not behave the same under the four storage periods after harvest. This means that the cane varieties did not behave the same at the different storage period, in the 2 nd season, sugar recovery percentage of G. 2003-47 variety was insignificantly decreased by delaying crushing from 2 to 4 days but this was not the case with the other varieties. In general, the highest values of sugar recovery percentage were recorded with the sugar cane varieties G. 84-47 and G. T.54-9 crushed at the same time of harvesting in 1 st and 2 nd seasons, respectevely.
Reducing sugars percentage
Reducing sugars are one of the most important juice quality parameters which could be utilized to predict the loss in commercial cane sugar. The results in Table 8 revealed that reducing sugars values were significantly and gradually increased by delaying millable cane processing. The percent of increase reached (738 and 328%) when millable cane processed after 6 days as compared to those processed immediately after harvest in 1 st and 2 nd seasons, respectively. The increasing in reducing sugars may be due to sucrose inversion. Rizk & Normand (1966) , ELMaghraby et al (2009) and Sagar & Joshi (2015) reported that gradual increase in reducing sugars was noticed from 2 to 72h.
Furthermore, results in the same table showed that reducing sugars percentage of cane juice was significantly affected by cane varieties in both seasons. C.57-14 and G.T.54-9 varieties was considerably lower in reducing sugars contents (0.903 and 0.945) than the other varieties in both plant cane and first ratoon crops, respectively. The variation of reducing sugars content between the studied varieties may be due to varietal genetic mak up. The obtained results are in line with those found by Uppal (2003) and Mehareb & Abazied (2016) . They found that reducing sugars % was significantly affected by the tested sugar cane varieties.
Moreover, data showed that reducing sugars % of the two seasons was significantly affected by the interaction between the two factors, this means that the cane varieties did not behave the same at the different storage period.
In 1 st season, reducing sugars % of G.2003-47 and G.T.54-9 varieties were insignificantly increased by increase the storage period from 2 to 4 days but this was not the case with the other varieties. In general the lowest reducing sugars percentage was recorded by G.84-47 and G.T.54-9 varieties when crushed at the same time of harvesting in 1 st and 2 nd seasons, respectevely.
Conclusion
The study led to the conclusion that these results helpful to decrease sucrose losses when delivery delayed of sugar cane, with assessment of optimum storage period. It is recommended that cane meantime should be delivered as early as possible to sugar mill to minimize sugar losses. 
